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Znv^felon Title: 

RECOVERY OF PRECJOUS -.METALS PROM SULPim^C: MA?:!ERIALS 



inyentibn is described in the following statement: 




10 than ^cijit 2 SytP/o, . : . [ >■ r '' " ^ V c matenal that is Really higber , 



20 



: " ?acfegr»nndtotheInventioii 
mclude n,astmg. pressure oxidation (PQx) 

Bzoxprocessesasulfatemediimiists^icaUy employed '^^^ ^ t^^. PChc and 

086461577 discloses a bio-px^^^ . 
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t 





concentrate IS .DrebareH:fmT«+l.««,^ -J. . . ; - . :: 



«c^cd^,„„ chloride »IW6„. C^tt^c^,^^^^^ 



,15 . *:i*«iM*itha:ia)mii^ 

soluble anemc compowris or todc .Bom! vapours are 
25 . l»<>v.dedfor„»»va«.g.pr«0u.;4,ew,e^,g,,a_4^,^^^^^^^ 

Samraary ofthe iDventfcm 

'^"•^'P'^'W'WartioBpTOvldesiproeesstorecov^ 
prec.o,«n»^fl«„asumdicmateriaIcomprisinga>e«»sof- 

■ Srr"°£!"° P»«»<i»I »ffioiea. 



35. 



-.-T—e — *'*^'"'««'«>"JnHnme.oxidisedsulfidicmataiaL 
be ox^chsed sun«ltaneously witb;pfe«ous.metal solubilisatian in a.^g,e. si^ 





•rcit ores and concentates sach a, L*,- T T^' ^ """^^ ^ 

-cov«y stag., preferably by aaso,pd«, 
. >>«cious by aecte^^i^ J, J 




"W.W.VA .V. .-• . 



.10 

. mstal splubilisation is achieved in a:|tf^^^ 

Typically the;^^^^ thesulfidic niateriai oxidation igeafli it . 
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20 



stage, and prior to solution recycle tO:. . 
^i" . ; , ' . -^^^^^^ — r-aimoiogy "m^ 

t^t IS prpvid^i as part of a caution cnrcmf ^^^^ 

r^ycle to ^esulfidic material oxidation stag^. In addition; metal recovery processes 
other teca«x>n adsorption ma^^^^ 
extraction, etc. . 

In the case of a douWe^efiactory ore t^^ 
sq,arate.metel recovery stage may need to be provided (ie. separate to the solution 
.ie^ecm:ui9 to rm>ver any pi«:ious metal 
siuffidic material oxidatito steg6. This separate stag^^^ 
. ^P^-ious metal (eg. gold) passes With flxe cariKm right thJ^e oxwSon 
25. -d.notsolub^hseill^separatemetalrecovc^stagemayempioyac^^^^ 
roi^Ung or smiting process aiid.optipnally leaching (eg- using solution from the 

sulfidic matenal oxidation stage) may be employed after roasting to recover any 
renummg preciousmetal in the roasted . solids material (eg. gold) 
'^^^^^y^^P'^^o^smmfoberecov^^ 
2i> .Pl**;«'«^oranotherplatinumgroupmetal,ther^^^ 
justifies the process economics. 

typxca^^ly having a halide concentt^on. of appm^dmateM^^^ perW Prefer^ly ' 
35 Tr^^f " ■'^'^''^^^M'^^ 

K ■ '^^^'T^' PrefMij^^erated sud, that the ihadissolvedmetal 
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• ; , v„ — ^5i^S«»^SreaspTCies can recycledto the suffidic - - 

: pr^ce^,^ththeatt^d^^ 
simphcityjowenergy^ r .. .. . - ' • 

manganese and vamdium. . • r" 

• .Wia^tteaiUidicmateriaiaaa^^a^ 

^fe^ly the»tal»npHia eontelledsuch ttat. „ 
ft™c.a««,«. ac^dite), Ag™. wHe™.a» ^^^^ 

«,ta.on pH » .Uo coom,Ued to„,ainWh arsenic as a fcnfc p^^ 
toarse^cpass^omofftepro^^^ttfl^^a^^^.^^^^^^^ 

stage and does not interfere with pmaonsmaaliwovny. t ^^P"^ 

^ ^l'«»^»'>S«payb= operated jri^''.^^ 
Stageinay cgnqltise i>ne oriftOtt veseb. 
IcMbinj !^^''' *" "^-^ ft"*' Ke first toacWng stag, is fed to the second 

«*'*'«M«c««e«Wisc«ntanii^ 
teleachn^stagetten^tenaiiscom^^ 

fte cont«,ni«n« =nd soh>biBso^,Se p«^«s metal (es, gold) « „ 
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is: 
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30 



precipitatelffie cdirt^^ . . 



.J ^„ .. .. as oxygen, air, cmorinegas/hydrogen 

precipit^ed fonn a^d to r^enerate^upric ion an add such aiis sulfiiiic acid and/or a base 
suc^aspalau^^^^^ 

to Uft the ^, othemise arsenic and noh wiB not precipitate indxath^^i sohAilisd 
Intlnsi^gard mextherthesingleors^^^ 

component ofthe.material may produce I f^^^ 




— ^-""^ ^""JeMaiing is passed to predons metal 

™ploj«d to r«ov. (p^ipitat.) fetiic sulfite and thus cot^tol level „fttds species 
«. fenn » h«nat,t./gji,s« precipitate which is th*,fll,efed tad disp^rt of 

n^tS"T ''«^i«P'"=ipM'« atSlowerpH 

«ed.^Ip!^^^X^ ftl-cipitaea, tocbya^ ^^^^ 

Preferably in the soM-libuicisenaMtirt^ i-j .1 : J 

o c i t. .*^H"i« separanon stage sphds residiie is filtered from the 

Wttliiig,solutioiievapor«ipn.<!eiitoftoa<Mete^ ' . , 
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. naturally lij-manyasrii^ ' ^ 

I-^e^mcl^mgx^^^^^ In^dition, in Certain appHcati.ns^ft^^^^ 

pontanui^t^ay Itself bed^^le^ 



^•■''f D^cflprtoo 6r the Drawings 
: Not««(hsta»dmg any other flmm which .M^^ 

3«v««.o.. ftp, of qteWoawflliow be described, by way of 

e«a,.p.e^.andwithrefer«K»teti»i=e.„^yi^d^g3i„„^^^ : 

.hepres«„„en..„nf„rrecovedng aprons metal ion. .«Ufiin,ateri.i; 

F.gure2schen,aticaUydepiotsageneialisedp™:es»fbwdi.gramfoB«, 

^^^^^ll^T^ soludo^Bha^^^ear 



ModesTor Canying.out the Inv^ntitfh 

5 ^c^mnJZ '^'^^^^^?->^^^ of ilieihv^^by.Way of detail abd- 
5 . «^««P.le. prefen-ed processes according 

.pv^ewand^e^^^^^^ 
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■* '-v, .., .... 
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i xs activated carbon: As'SidT^^ ^'l^'^ ' 

(ph:<2, : 

. same gold extraction efficiencies. • ^^.^ ^"^^y^^"" 

. When treating r^^^ 

Ksidual cy^dc dcstmcM^ ^^«^ possibly ato fte opsfly «^ed. fir 

Causes of Refractory Characteristics 

Physical locking in siUcates, sulphide^ carbon, etc. 



^aital repl?<je^OTt by gold in minerai iaittice e,g. >lid solutioh'' feoid in 
pynticores. ■ •.' : . • ,• 7 

^ 'activiB» caibttoaceojjs mat6dal m the ore piilp. 



25 



Liberation 
Occlusion 
Chemishy 
Substitution 



Adsorption 





ictorycold cdhceritratess ro^^^ • . 



..W. * W.V-. ■ • 
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. . l.v 



. Ars^Opyiite, plus pyrite 
Areraopyrite plbs pyrite pljis carbon. 



r e Fesenoe of areenic in iefiafrtory^ concentrates is chiefly in Afe form of 

lattxc^boundspec^es. oftenreferredtoasa^^^^^ 
ConsequenaygpldUber.tiOnreq^^^ 

oxidatoonac<»rdingto1hefoUoAwng.overaUi^ :. . ■ . • 

FeAsS + 2C^^FeAs04+S .(i) 

The 0x3^ did:n6t oxidize the arsenop3^te direca^ 

mtemiediatestg,s,asitssolubiBtyinfhepiocessUciuorwasexceedinglyIow 
The oxygen was supplied directtyfiom air sparged into the leach at • 

cupncion (Cu^^ according to fee following reaction: 
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2Cu* + ik)2 + 2ir 2Gu2+ + H20 



(2) 



I- *"^*f^ pciween the air bubbles and the 



. 35 .. F?AsS + 7Chi2* + 4H20;*H3Asb4..+/F^*^ 



(3) 




.. ' ■^•'^■^^^ -'"'The feirotis iartHvi^^^ ■ .*•-•. . ^ ^^'.-^..x:^ . • i--^: "'V - 




•HaAs04 4^Fe^i! 
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15 



■•(5)-v.::;V 



. . . ' W:cM6rideelec^ 

..o<«dthoi«:Bsedm.theI^^^^ 

as a an ^.iu*g>und cpncenlraHon of iron was i^lways present in the procdss liquor. . 
..T^epotentt^acjaev^^^^ . 

850mY (ve^^ SIffi) in &e|^«sence of o^^^^ 
dxsso ution of gold, due to ttie stabilisation 
complex ^rding to the foUovidng rbactip^^ 



20 3CU^+ Au + 4ei -■■•f- AuCV + 3Gu* 



(6). 



^f^^WideWprese^^ 
also fonnM according tp the following reaction: 



was 



25 3Cu^".+ Au + 4Br--*AuBr4-+3Cu* 

^^°»'^tionwascaiiiedoutatatemperatureof9()-95»Cinan8MchIoride 
electrolyte containing 20-40gA Cu^^ionplus 2-5g^ Fe'* i 



ion. 



30 Pvrite QxiVla tioii dhemj^ 

:. ^^Xidationofp^^^^^^ 

mtemediatereactibns as employed for arsenopOT^ rf- 
following overall reason: . on accor g tothe 



35 4FeS2 + l5Cb + 2H2O 8SO4'- + 4^e** + 411* 



(7) 




. .. . . . f^^^^^^"^^ 



;. EeSi + 7qu^ + 4H2O 4 SO42- 4- Fe^^ + 8|r:+7Gu* 



(8) 



(?) 



?Q 4Sd4^-*^2Fe^*2ir + 4CaC03:^ 

^ . ^iinestone addition was contioUcd to 
whichpr«ventedthepr.cipitati.n^dlo^tothel^ 

25 Concentrate Grind SiVft 

gpodgoMBiftaclio,aidan,ccfptrtleieack 




. . Qold lo^ onto th,;c^pn;was tjpicaliy 2-5^:due^to^e^aSv#^ " 
byreactivationofcaibon was more econo^^^^ : . ^'r"^® 
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• • Impurity l^fana prftment " • 
Nevertheless. a irie1hod forthe;„,anagem^^^^ ^^^^ ^. 

efflueite and that all unpurities^^^^^^ ^ . >^ 

such as Cd, Mn andMg. are flienxemoved via sliked lime addition at pH 9 to fol 
insoluble oxides &at are recovered by filtration fordisposal 

that a^osp^cpr^sure was used, butretentiontim^ 

»mtherange6.20hours.Withpyriteoxida.onaleach^^^ 
B^^e«„ployed.b«tavpid^o.pfanoxygenplant(^ 

level of eg. ess than 10 ^un. Materials of construction of process ^aratus were fibre 
ren,fi>rced plastic, nibbw-linedstfeel and ti^ .. ^^^'^'^^^P^ 

. Arstoopvritenliisbvritep in,.o;j^ . 

The impact of earbori i£ jthS i»rocessfi,« ^^-1.1^... largely a 



> were u§e4 to mhibrt gold adsorption, of activated carbon 



was 
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; opJmal craiditiom^^^fc^ : i. . : : 

tWo ^age roasting: pibipessl. • :. ■; "■• ;^ ' '. 

: I?ieuse of ttie IRGP priori 
simplify subsequent ro^tingrwhich in tMs^m^^ 

: prpcess. Further, the K^iovai of arsenic and sulfbrrediiced the duty for off-gas ^ 

SCTubbingJxmi.ioast«r operations, because AsiOa and SGb Were greaily rediicedThe 

impact was thus:<me .of significantly reduced coital and operating costs, in the ibastink 
•step.-- ■• • ■ •• v V .... ^ 

Dncziption 6CPir6cess EIow Sheet 
■ ■- Referring now to Mgure. ? i single ie6acWl^tic;^ld:recoveiy process 10 
IS schematically depicted. A precious metal concentrate .12 for feedin^fo the process is 
prepared by minmg,millmg and then flota^on of a sulfidic ore! The concentrate is 
^ically a gold.-cOntaining arsenopyiite (but may have a high carbon content) The 
concentrate.is groundin a special baUnriU, typicaUy to an iiltra-fine level of less than 
10 V"- The ground concentrate is then fed to a 
arsCTopyiite leaching stage. 14, 

^*«««^°Pyriteleachiiigprocessl4anaddicenViio^^^ 
(preferably less than pH 1. as leaching of ars«iopyrite is enhanced at low solutionpH) 
The acid enyiromnent can be achieved solely by the solution r^yclt^o^^ . 

contammatingacidmayalsobeadded(suchassulfuricorhydrbchloricacid) Hie 
leachmg solution Eh is typically maintained at greater than 0.4 volts to promote 
oxidation of flie arsenopyritic component of the material and solubilisation of gold The 
leadiing temperature is maintained at aroi^^ 
. .^^^»^edn»teria.is.th«3i.fed.as.^ndpyri^^^ 

sl^ritaitionif^ - *^ 

/ erepy oxidise the pyrite; Xq ^l]Mntain lajnsenic in a 
prec^itated form in the second leaching stage acid (such as.sulfimc acid) and base 

at2a;^f'^^ 




•••-v. * V J 



•-.A'.. AJ-V 



masMng suifectantmay te^diei^^ fte dilution at'iiiagesW wAiUrio ptevSit 
ip; -adsoiptionoirtoc^^ 

morgamc blinding agent such^^^^^^^ 
. caft^pncanbeaddedtpprefemttti^^^ . 

wlharseiiopyriteleachii^^^^ ; 

: . .9ontioUed^pHofl«sthahl>taboyethatafwMchar5«^^ 
.15 . relatively modest EhofaboutO^^^^^^^^ 

temperatures(80-95'>e)thematerialcanbel^^ . 
oxidising pynti& sulfide to; sul&te. 

The oxidising cohditibns :em^^ 
severe than the arsbnic leaching stage 14. In this regard an oxidant is sparged intb the 
.20 :solutionsol?iattheo»datidnpotentia^^^^^^ 

addition, the temperature of the solution in the second leaching stage may iieed to be 
raiscd:to aromd 9O-IO5OC, The pH of the solution in the second leaching stage is again 
controlled at less than pH 1 but d>oye ttot at wWch. arsenic soluW^^^ 

Because acid is consumed in .the second stage leaching prbcess (ie. as Cuni) is 
25 regeneiated)itmaybenecessarytpperiodidaUyorcontinuousiys^^^^ . 
solution m leaching stage 16. such.as sulphuric acid, hydrochloric add or another acid 
that does not interfere with the process chemistry. However, the toi^up of acid depends 
on wheth^ sufficient sulturic acid is produced by the leaching of pyrite: hi additio„. the 
pH IS controlled in the leachiiig stage 16 through the addition of calcium carbonate to 
30. prevent the sohibilising of arsenic;. 

M leaching stage 16 sittfid? is o?a^s^ . through to sulfate and iron is leached 
m^solutiona8Fe(m)(equation(l)).and^^^^ . 
.othferprecioUsmeta.l).iMo?ubais^ theiny^ . 
oxidation potential w^ achievable under the infl^ 
35 region of85(hny (versus SHE) in a hahde solution i^^^ 

potential was sufficient for the dissolution of gold in the 8M Cl-.medium usei^ due^ ^ 
.the forjnatipn of a gbldwchipridp complex. 





: .. . . , . ; r:' ~-' -^©v^f^f .1^^ ormore jM)luinns filled with 

>n onta«,^aibon^^t;akoverflcm 
,:.10 /^^'^^^^Wth.lead^ 

r.;/ treated penodic^^^ 

by bj^gthe carbon pr^^^^^^^^^ 

is ' ';f?^^!^^ fonn of soluHoi conditionmg s^^^^ SO.In stage 30 the.soiuble 
. -^'^^ 

; r ^^9**^ p^bonate to foiin hematite 

: 2g/l'^"«30lut:on,tppfeventfteprec^^^^^^ 
_ slurry xs filtered and % residue washed.prior to di^osa to ^te^^ 
20 . solutigri is recycled to stage;i4. . . . 7^ : 

.^eajn2^i.re^,edasableedck^^ 

Ni. GO etc (eg; through a controlfedprecipitation by raising of bleed.solution pH). 

Examples 

illustratmg the process accouling to the present invention will be described 
. . • Example 1 . 

■ Str^e S^^^*"^" ar^eno^pyxite leach, apyrite leach 1 and apynte 

anAsleachfi>llowedbypyritQp5ddatipn: . jecieaio 

. . _ TTie ainx was to apply WM^;t6 a single r^ftactt^^ cc^^trafe; An ore 
. ??°>?^«^^P'^v^<Iedto.aine^^^^^ 




■;5. 
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pH< 0;5,^teqiii*e^, a^^^^ .. 

afewgramsbfcpppCT^^^^ : . 

• the leac^^ / . - ' 

.. con^^te was ,^ded;to Jhe brine: After 15 xninutes, as inquired, conpentrat^ 

.^dedto&esuspaisiontoadjustth^ 

of^d.were noted (time, voluin^.ofladditi^^^^^ 

... , -Eh aridpHWereiHeas^ : 
. .2.5 j;/lir,momtoringtheEhm6rder:TO^ SamiJlesof solution Were 

taken every -SO mihufesf^^ Eh & pH were monitored ev«y 30 " 

-^niinutes. • • . . 

When an gh of 530 iriV w^ reachedM^^^ 
considered as complete. The sliiriy was mtered. 

bnne(50gplNaClandpH<1.0)followedwithhotwaterw . - 

Gle^r. The c^e was dried in an oven dyeriiight. Hie cake was analysed for Sm. S Vru 
As,Fe,AuandC. . ^''(^ 

Part2:Pvrite Oxidarinn 

^^•^^'■«^''t°''was0quiw,edwifhaflatbladeto 
sparger tube. 10 litres of brine solution was prq,ared in the leach tank with 200 gpl 
Naa. 50 gpl of CaCl2 and 75 a^l; Cu fix>m CuCU and pH< 0.5 with^addition of 
concentrated HCl 8.8 molar. The solution was heated to 105 »C. t=0 sample was taken 
and the dry cake produced in part 1 As leach was introduced into the tank. After 15 
mmut^,a Sample of solution wastaken for Eh and pH measurement. T«:hnical HCl 
was added as reqpiured to bring the. p^ 

^ ^^^was.mtroduced at^^ .: . 

30mm^tes.andsamp^p9^we^et^everyhot^.foTF^ . . 

was stable ^ove 600 mV for 3 hours and &e Ee in solution did not change 
was considered as complete. The slurry was mt^^^^ The cake was -Washed twice with 
hot brine (SO. gpl NaCl and pH i< 1 .0^ — ' '"^ 





. •■ ' . './".....*.■.' . T''"'"."' '.1':'.. .1*,'?'* '^'••••■••■^ '..-v..' . f... --V. •M!'".' ! ! "v'v. .V" * . "" '" ■•'•*•• • • .... . ^ 



■ .'V- v..^ .V.-,." 



coriduGted; 

:Airn -y 



e l was 



pnCEM^^ that tKe p\iite 

:ed; with 

lb.;- the.p>aite.r' '^y^-. • r^"" 1' - ' ■ ' ■ " -'^ ■ • l-- ' : 

Outc6ine - ' ' \' . - • 

followimg table (based on mdependeat^^^ : :• 



Elements 


Oxidation 1 


Oxidatidnl 


As 


79.6% 


92.4 % ■ 


Fe 


72.2% 


97-1% 


Au 


68,7 % ; 


93:3% 



15 Procedure : 

A 7.5 1 reactor wa? eqiupp«^ with a. flat blade tu^ 
spargei:. 5 litres of brine solution was prepared in the leach tank with 100 gplNaCl^ 250 
gpl of CaClj and 100 g,! Cu from CnCh and pH< 0. 5 With the addition of concentrated 
HCl. The solution was heated to 105 °C. t=0 sample is taken and the dry cake produced 
20 m Ex^lel. As leach /Pyrite oxidation was inttpducedin^^^ 

minutes, a saunple of solution was taken for Eh and pH measurement Concentrated HCl 
- was added if required to bring tiie jpH< 0.5. 

Oxygen was introduced at flie ratb of 2 1/min, Eh and ptt were monitored eve^ 
30 minutes and samples wa:e taken every hour for Fe, As. G» anaij^g. Whrai the Eh 
25 was stable above 600 mV for 3 hdursi and the Fe in solution did not chaiige, the oxygen 
flow was intenupted and flie Eh monitored. When the Eh stayed above 600 mV; the 
pyijte oxidation was.consid^ed conipleted. 

l^e sluny was filtered, The cace was washed twice wilh hot brine^Sp gpl 
NaGl.and:pH < 1:0) foUow^ viathhot WaJ^ w^^ until the filtrate was clear. The 
3.0 cake was dried in the oven oyermght Ite cake was analysed for S(i,, S (e). As, f4, Au 



andC. 
Results 



The following lesuits were obtained &om the experimente of Exariipies 1 &;2; 



I. r 






■'■^^^ 
^■925'-} 
io.25. 
12-25. 



. V - W V. 

..■■ml;;- 



^ 31.4 

:32:9: 



^ 105 ■;^v;K^^^ • a? ;v -41:6^ • /;][3M^^^^ 
105 ;€«4 >^ Oig- - 41:6^ 13^ . 6.0 ; OM 



. . 'nie results of gold extraction are displayed^m 
-■ :Example/3:^ ■ . 

5 mtteQ consecutivjB steps: stqp 1. aKeno-pyrite and^yxite teach^: step 2 pyrite leach With, 
oxyjgen, and step 3 pyrite leach Avifh cM^ T . 

Am ..yy 

Following a scouting experiment on As leach, this pro 
second concentrate in; an '*all-in-6ne'' process with a CaCl^ 250 gjl and Cu 100 g/l brine. 
. 1.0, The solid loading was set at 200 g/1- 
Qutcome 

The chlorine oxidation improved A.u extraction as shown in the following table 
. (based on external analysis): 





Au Extraction 
(cumulative).. . 


Air + Oxygen 


59% 


Chlorine. . . 


87% 


Overall 


95 % 



Procedure 

. .. Ilie procedure was carried out in ia 7i5 ,1,. reiu:itor. equipped with a turbine 
agitator. 51 of hrine was prqiaredwito the f^^ 

g/1 and Cu 100 g/l and pH w^s ^nst^ id < 6,5 wiflS-the ajMfition of cpnceniated HCl. 
20 • Part 1 : Arseno-pvrite leach 

. With the agitator rpm at 90%, the brine was heated to 90 °C. A sample of • 
solution was takra for future.re^ejidi?. 1,000^ .. 




ID 



15. 



20 



25 



30 



■ • ' ■ V ' : fe^2: P^-te oxidatinW" . • •.; •■ ' > ' • ; - .'; . . ■. ' . . ' '■■ ; ' -'J v"'. 

; 1^? tmpcmcc^w^m^^io 105 -G. Sample anikasuirement i^ti^^ 
; . was changedto a 1-H6ur mtaval. Oxygen was introduced u^^ : ' 

■ agitator at the rate of ^.jl/min. When the Eh Fe in solution were staile, the oxygen 
,was interrupted. JfiheEh dropped by ihore than 20 mV. fee oxygen introduction was 
nsumed for 2 Jiouis: Wtien^e Eh didnot d«p by m<«e than 20 mV, theprocedure was . 
considered complete, . 

The suspension was JMtered. the 
byhot^^rat^uhtilaclwfiltratdwasx>btained.T^^^ ;. 
weigh^. The residue was analysed for As, Fe, Cu, elaneiital S, tbtal S arid Aii: The last 
soli^tiori sanq»le was jdsb analyse^^ 
Part 3: Pvrit e CbloriWaHrt^ 

^.*>^«rto,improveAu extraction, t^^^^^ 
cWormation uSing hypochlorite as.fte^^^^ The residue from the pyrite 

oxidation with oxygen was introduced m 4 litres of biine wiflitiie same composition as 
above. The temp«ature was raised above ipO*>C and 50 g of hypochlorite was added 
every penod of 30 inihUtes. Fe concenfratiott was monitored. When Fe concentr^on 
did not mcrease after hypochlorite addition and the Eh was stable, the experiment was 
considered complete. 

Ihe suspento was mtered, the cake w^hed twice wi^^ 
by hot water until a dear filtrate was obtained. The washed cake was dried and 
weighed. The residue was analysed for As, Fe, Cu, elemental S. total S and Au. The last 
SPlutiQn sajrple was .alsp analysed for Au. 
J^esults .• . ".r.^ • , . 





buration^h ' 


PH 




Tot Fe 




(i|r) iriV 




g/I V .. 


•g.... 


< 


1.1. 464 • 


6:41 


11.2 


56.0 g 




2,0 , 47.9, 


•0.36 


18.9 


$»4;5g ; 














:::^^i;OI^''' 








■ 0.49; 




-94.5 




. 615^-} 
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The results of gold exfraption aTe displayed in Figure 4^ 



sto anumberbf 

preferred embodiments, it wiU be appredated:^ it cto .be mibbdied m many dth^ 
forms, :\- ' ■ " • ... . 




.• VW..A', ..f ,v .V.'. 



..GpUMS 



. - arsenic compnsing Tthe step^s^^^^ 

r ^ ^ material and reiider the precious mefal soluble mtte soIiitioiL aid 
l^^g apHat which the arsenic is pre^^ r . . 

15 .>9d^gthem%ialfoffi^^ 

arsenic. - " ". ■ ^ pi^ipitated. 



IS 



2.0 



0 3. A process as fclaimediii claim 1 or i Wherein the solution bearing the pr^sious ihetal 
IS separated from the oxidised sulfidic material and precipitated arsenic (when pres^f) 
m a: K>lid-hquid separation stage, and the precious metal is then recovered from the 
solution in a metal recovery stage. 
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4. A process as claim«i in claiin 3 wh^ the met^ 
metal IS adsori,ed onto activated carbon m one or more caibonK:ont^ 



lumiis. 



5. Aprocess as claimed in claim 4 wherein after precious me^ 
activated carbon the cari,on.is eluted with a cyanide solution and the ekate is passed to 

ry of fte prwious metal. 



30 dn 



6: A. process as claiined i_ 

^—-f : vtr-«"f^p ^ ^ wncTBin me metal recoVCTV stage is 

premie* alhr*e ^m^m s^m^ m^^f^tc «>l«(r<B reoj«M. to 
sulfidicmatenal oxidation. . . 

7. A process as claimed in any one of the px^idg claims wherein the precious metal 
tobeiecoveredis gold, silver, platinimi.or anofter.platinumg^^^^ 




■. • cppiprisiiig/chldnd^^ andbiyftmde'... .. ' . • . ' • ' 'H-i'- ''.'..ri • 

.10 rsolution iscopp&r!s^or:koiimd functions asa^multi-val^t^eci^^^^'^ •. 

ll/Aprocessasc&imedinarikQneof&QK^^^ ,. . 

. material oxidation step comprises one or more te^^ - 
(i) formnn-contaminated sin^^^^^ 

15. oxidation step coii^rises a single leaching stage in which th^ pyritic material is oxidised 



or 



(U) for acontaminal«,l.singleq^do^^^^ the sulfidic mat«ial 

^'"datipn step comprises a two stage leacl^^ 



IS 



20 



I an 
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12. A procBss as claimed in claim 11 wherein for (ii) the pyritic material is i ^ 
arsenopyrite, and in a first of the leaching stag^ the oxidation potential is controlled to 
leach arsenic into, solution aiid the solution pH is controlled such ihat, once leached tiie 
a^emc precipitates as fenic arsenate, and in a second of theleaching stages the pyrite 
convonent is leached and the sblutipa.pH is controlled to maintain arsenic as a fenic 
arsenate precipitate so thai the arsenic passes out of the pioc«s with the oxidised 
sulfidic material. 

13 . A process as claimed in claim 12 wherein in flie first leaching stage the material is 
30 epntacted with solution at an Eh ofarouhd 0.7-0.8 volts sufficient to leach the 

«^.*Putp,S,soastp,«mpitatetfeaK^^ . 
.soluticmt^eiati9«ofibout8C^^ 

3 5 1^; Access as claimed i^xi^^ 
. "^^tj^^is contacted with a solution 



leach pyrite, the solution pH is Idss 

•r (MA A t/uL ^c(tic;r. loan aoout so as to jpfecipitate 




25 - 



• 'V. w- v.. 



; unixlem aneF:it.is l^ached^ aud :at;a soluti^ ?6?C.tau^; 

- 15. A proc^^^^ of the preceaing claims wherein iaflerprecibiiX': 
£ 5 : . meia rei^yety a sqlutipii con^ stage is employe^ tq jpre^ 

. / : thus contcbLthe level of liMs roecies^ttie pirbe^ ' "^V.. '-C^: ■:. r. . vi^^^^ . 

16/A|in)(^s.9scl9imf^^^ . • 

: limestone and calcimn cairboiia^^ to ^he solutibn toTorm. a heinSatit^gypsu^ 

id/: precipitate wW^ solids residue:%>ml^^^ 



. 17. A proceiss as claimed in any one of the preceding clainas whereih. when a high ley el 
of Catfon is prese^^^^ sulfidic material^ a surfactant is added to the solution during 
15 th0 sulfidic material oxidation sXep to prey ent pietioiis m^ from adsorbing onto 
. carbon in the material, or . activated c^ is ^ded to the solution diirii^ the suffidic 



' " carboiu"' " ' . ' . ' 

20 18. A process as claimed in clainx 17 Wherein the siirfactant is. one or more orgaidc 
solvents including kerosene or a phenol ether. . . . . - 

19. Any metalproduced by the process of any one of the precediiig claims. 

25 . . Dated thiis 20th day of June:2003 

Intec Ltd 
By its Patent Attorneys 
. GRIFFITH HACK 





I 

CO 



.9 ;s 

.rrt 



£ 2 f 

* O O « . 



1^ 

CO r 

CO H- 



o 



II 



1 



o 
a 



O X )-< Q- Ps). 



OS 

A 

w.. 



CO P )j N iF-<:i=i K 



s 




•id;:- 



it: 



.O 
O 



9 




6* 

-5 



I 
I 



O 

X 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of tlie Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 
0 BLACK BORDERS 

^ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

^COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



